Genotoxic stress triggers signalling pathways that either mediate cell killing or protection of aected cells. While induction of p53 is observed for most of the genotoxins, activation of MAPK/SAPK cascades is not a general response. The role of MAPK/SAPK activation on cell fate, seems to be dependent, in some systems, on the balanced response among both cascades. We have here examined the eect of cis and trans-DDP on the activation of ERK and JNK activities. While no signi®cant induction of ERK was observed with the compounds, both of them are able to strongly activate JNK. Trans-DDP response is rapid and transient while the cis-DDP one is slow and persistent. In contrast with the observed nuclear translocation of JNK in response to U.V. light, none of the platinum compounds induces translocation, on the contrary, activation of JNK occurs in both the nuclear and cytoplasmic compartments. Inhibition of tyrosine phosphatases by orthovanadate pretreatment prolongs the time of JNK induction in response to both platinum compounds. The positive modulation of JNK activation correlates with an increase in toxicity that, for cis-DDP corresponds to a tenfold decrease in the IC 50 . A strong increase in MKP-1 levels was observed only in response to trans-DDP suggesting the involvement of this activity in the downregulation of JNK activity in response to this compound. Altogether the results suggest that the prolonged activation of JNK in response to cis-DDP contributes to cell death induction.
Introduction cis-Diaminedichloroplatimun (II) (cis-DDP, cisplatin) is a DNA reactive reagent widely used as a chemotherapeutic drug in the treatment of several kinds of human malignancies (Loehrer and Einhorn, 1984) . The lesions that cis-DDP forms with DNA are believed to be essential for the cytotoxic activity of the drug (Bruhn et al., 1993) . The adducts of cis-DDP include intrastand 1,2-d(GpG), 1,2-d(ApG), 1,3-d(GpNpG) and intrastand crosslink (Eastman, 1983; Fichtinger-Shepman et al., 1985) . The trans isomer of DDP, trans-diamminedichloroplatimun (II) (trans-DDP) is 20-fold less cytotoxic than cis-DDP (Pascoe and Roberts, 1974) and is ineective against tumours. Trans-DDP forms similar adducts to those of cis-DDP with the exception that it cannot form 1,2-intrastand cross links (Pinto and Lippard, 1985) which represents greater than 90% of all adducts formed by cis-DDP. As a consequence of the damage in DNA caused by both platinum compounds, DNA replication is blocked and additionally cis-DDP induces a block in gene transcription (Pinto and Lippard, 1985; Alazard et al., 1982) . Consequently, apoptosis induction by cis-DDP should not be related exclusively to the inhibition in DNA synthesis but additional mechanisms might trigger induction of this process. DNA damaging agents such as U.V. light and DNA reactive chemicals are able to induce several cellular responses. One of the more general ones is the stabilization of p53 protein and the activation of the G1/S growth arrest checkpoint (Kastan et al., 1991; Kuerbitz et al., 1992) . In parallel some DNA damaging agents also induce the activation of dierent kinase cascades such as the stress activated protein kinases JNK/SAPK (Minden et al., 1994a) that phosphorylate the aminoterminus of c-jun in response to a variety of cellular stresses Hibi et al., 1993; Kharbanda et al., 1995) , growth factors, cytokines and protein synthesis inhibitors Sluss et al., 1994; Minden et al., 1995; Coso et al., 1995) . The JNK/SAPK have been shown to phosphorylate and regulate the activity of several transcription factors including c-jun, ELK-1 and ATF-2 Hibi et al., 1993; Sluss et al., 1994; Johnson and Vaillancourt, 1994; Witmarsh et al., 1995) . Similar to the ERK members of the MAPK family, JNK/SAPK is a component of a sequential protein kinase pathway (Kyriakis et al., 1992 Sluss et al., 1994; Yan et al., 1994; DeÂ rijard et al., 1995; Gupta et al., 1995; Lange-Carter et al., 1993) . JNK/ SAPK is phosphorylated resulting in its activation, by JNK kinase (JNKK/stress-activated ERK kinase, SEK-1) DeÂ rijard et al., 1995; Lin et al., 1995; Sanchez et al., 1994) . JNKK/SEK-1 is itself regulated by phosphorylation by an upstream kinase referred to as MEK kinase (MEKK) (LangeCarter et al., 1993) . Therefore, the MEKK-regulated JNK/SAPK sequential protein kinase pathway is parallel to the raf-ERK pathway.
Little is known about the consequences on the cell fate of the activation of SAPK in response to DNA damage. In systems such as PC12 cells, activation of MAPK is associated with cell survival in response to NGF (Xia et al., 1995) and on the contrary, activation of SAPK is related with NGF-deprivation induced apoptosis (Xia et al., 1995) . On the other hand, activation of SAPK's is associated with cell survival to U.V. exposure (Devary et al., 1992) and cell death in response to gamma radiation (Chen et al., 1996a,b) . Furthermore, overexpression of ASK1, a mammalian MAPKKK (Ichijo et al., 1997) and also MEKK1 (Johnson et al., 1996) , have a lethal eect on ®broblast, suggesting a positive role of SAPK cascade in apoptosis induction in de®ned cellular situations. In this work we have investigated the eect of platinum compounds on the activation of MAPK and SAPK. We here show evidence that while MAPKs are weakly activated in response to trans or cis-DDP, both compounds strongly induced JNK activation. The cis isomer response shows a sustained activation that remains until 24 h after treatment, while trans-DDP induces JNK in a transient manner. We have found a direct correlation between the magnitude and the period of activation of JNK and apoptosis induction by both compounds. On the other hand, by inhibition of tyrosine phosphatases we were able to obtain a prolonged activation of JNK by trans-DDP that correlates with an increasing toxicity of the drug. These results suggest that the regulation in the magnitude and period of JNK activation by these drugs contributes to cell death response.
Results

cis-DDP induces a persistent activation of JNK but not MAPK
Pam 212 mouse keratinocytes were treated with dierent doses of either cis or trans-DDP and ®xed after 48 h for viability determination by using crystal violet staining. As shown in Figure 1a treatment of cells with cis-DDP induces a dose dependent lost in cell viability that is low at 1 mg/ml and reaches a plateau at 20 mg/ml. Under the same conditions trans-DDP induces toxicity at the dose of 50 mg/ml. As observed in Figure 1a the maximal dierence in cytotoxic eect induced by both drugs was in the range of 10 ± 20 mg/ ml. We decided to use this dose in most of the experiments in order to study the dierences in the transduction pathways activated by both platinum compounds. cis-DDP produces citotoxicity by inducing apoptotic cell death Sorenson et al., 1990) . We next studied the time course of apoptosis induction by propidium iodide staining of intact cells (Figure 1b ) and DNA fragmentation analysis (not shown). As indicated in Figure 1b only cis-DDP induces apoptotic cell death after 24 h of treatment. The intensity of degradation increases up to 48 h. In contrast very little apoptosis appeared (5%) after 48 h of treatment with trans-DDP in the conditions used in this assay.
Since dierent members of the MAPK family are usually regulated by mitogens and environmental stress, we investigated whether or not trans or cis-DDP dierentially regulate both pathways. Previous reports have indicated a weak induction of JNK in response to cis-DDP (Liu et al., 1996) . We used GST-jun (1 ± 79) bound to GSH-sepharose beads to precipitate endogenous JNK activity from Pam212 cells. The precipitated complexes were washed and subjected to solid phase kinase assay. Using a dose of drugs of 20 mg/ml we observed that for cis-DDP c-Jun phosphorylation activity dramatically increases between 2 and 3 h after treatment (Figure 2a ). The levels of JNK activation by this drug remained high up to 24 h. In contrast trans-DDP induces an increase in JNK activity shortly after treatment (30 min) and peaks at around 1 h, to decrease to lower levels after 2 h and remaining at the same level for the next 24 h. JNK induction by cis and trans-DDP is not due to an increase in the amount of JNK protein, because no major dierences were observed in Western blots in the intensity of the band corresponding to JNK1 throughout the ®rst 24 h of treatment with both drugs (data not shown). We have also used U.V.C light as a genotoxic agent and at low doses (40 J/m 2 ) as shown in Figure 2a . This stimulus induces a rapid and transient increase in JNK activity that drops to basal levels after 6 h of treatment as previously described (Minden et al., 1994a; Chen et al., 1996b) . These results suggest that at the doses the cis-DDP produces cytotoxicity, JNK is induced in a persistent manner that can be related in time to cell death. A transient increase in JNK activation has also been observed with other agents that either fail to induce or at least have a minimal eect in cell death such as cytokines (Su et al., 1994; Chen et al., 1996a) and in our hands also trans-DDP. As previously described for gamma radiation (Chen et al., 1996a,b) , oxidative stress (Mendelson et al., 1996) and high doses of U.V.C light (Chen et al., 1996b) , cis-DDP induces a late and sustained activation of JNK activity that as with other types of stress, correlate with apoptosis.
Some DNA damaging agents such as U.V. light are able to induce a parallel activation of the JNK/SAPK pathway and the ERK pathway (Minden et al., 1994b; Liu et al., 1995) . Since the kinetic of JNK activation by cis-DDP was persistent in time, we studied the eect of such treatment on MAPK activation. These experiments were performed by monitoring by Western blot the change in mobility shift induced on ERK-1 and ERK-2 in response to dierent stimulus ( Figure 2b ). While EGF was able to induce a change in mobility shift of 90% in both kinases, either cis-DDP or trans-DDP only induced a small change in mobility. This change is transient and disappears after 3 h, suggesting that MAPK should not be involved in the dierential cytotoxic eect observed for both platinum compounds. Similar results were obtained in inmunocomplex kinase assays using an anti ERK-2 antibody (data not shown).
As stated above, cis-DDP is able to produce lesions in the DNA that are not repaired while lesions induced by trans-DDP are. We have studied JNK activation with dierent doses of cis and trans-DDP in order to check if there is a correlation between the amount of damage induced and activation of JNK. As observed in Figure 3a there is a dose dependent activation of JNK in response to both drugs. JNK activation reached a plateau between 7 and 20 mg/ml of cis-DDP ( Figure  3b ) while trans-DDP induces a linear response of JNK activity. These results indicate that there is a direct correlation between the magnitude of JNK activation, DNA damage and apoptosis induction. The activation observed by trans-DDP at 20 mg/ml (that aects very weakly cell viability) is similar to that observed at low doses of cis-DDP (2 ± 3 mg/ml) where very little eect in cell viability is detected. On the contrary, induction of JNK by cis-DDP is maximal at concentrations that induce the maximal cytotoxic activity of the drug (Figure 1a) .
Activation of JNK1 in the nuclear and cytosolic fractions by cis and trans-DDP occurs without apparent translocation U.V. light a strong activator of the JNK1 cascade is able to induce translocation of JNK from the cytosolic to the nuclear compartment (Cavigelli et al., 1995) . Since most of the possible JNK substrates are nuclear transcription factors we decided to investigate the distribution of JNK among nuclear and cytosolic fractions after treatment with the platinum compounds. Pam 212 cells were treated with cis-DDP or trans-DDP and harvested after a short period of time (1 h) and a later tpoint (16 h) when cis-DDP still induces JNK activation. After the isolation of cytosolic and nuclear fractions we measured JNK activity and in a parallel experiment determined JNK1 protein levels ( Figure 4 ). In cells treated with either cis or trans-DDP JNK activity is activated equally in cytosolic and nuclear fractions during the ®rst hours of treatment. The kinetic of activation for both compounds in both cell compartments was similar to the one observed in total extracts. The activation obtained in nuclei and cytosol for JNK is at the enzymatic level because no major dierences in translocation were observed with both compounds (Figure 4a ). Similar results are observed in Jurkat cells in response to ionising radiation (Chen et al., 1996a) . Moreover, we were able to detect using the same extracts, a mobility shift in JNK1 band that correlates with the timing of increase in enzymatic activity, probably as a consequence of its phosphorylation by the upstream kinase cascade (Figure 4b ). Although the mobility shift observed for trans-CDDP occurs equally in both compartments, in nuclear extracts from cis-DDP treated cells most of the detected JNK-1 was in the phosphorylated state (16 h), indicating that activation of JNK in the nuclear fraction is stronger in response to cis-DDP.
Phosphatase inhibitors prolong JNK activation induced by trans-DDP and increases cell cytotoxicity JNK and ERK kinase activities are downregulated by dual speci®city phosphatases (Liu et al., 1995; Chu et al., 1996) . Thus, the dierences observed in the kinetics of JNK activation by cis and trans-DDP could be due to the inhibition of phosphatases. In order to test the eect of phosphatases regulation in the response to trans-DDP, we pretreated Pam 212 cells with sodium orthovanadate (a tyrosine phosphatase inhibitor) during 1 h, in the presence or the absence of trans-DDP. As changes in mobility shift of JNK1 are directly correlated with activation (Figure 4) , we studied the pro®le of JNK1 activation in the treated cells by Western blot ( Figure  5a ). As indicated in Figure 5a sodium orthovanadate alone caused a transient induction in JNK1 phosphorylation, which occurs shortly after treatment (1 h) and decreases at three hours. This transient induction may be due to the temporary inhibition of phosphatase activities. When cells were treated with a combination of sodium orthovanadate and trans-DDP we observed an increase in mobility shift that was prolonged until at least 6 h after treatment. These results correlate with a prolonged induction of JNK1 activity when cells were treated with trans-DDP and sodium orthovanadate (data not shown).
If the prolonged activation of JNK1 has some role in the apoptosis induction observed in response to cis-DDP, then we should be able to induce an increase in cell death in Pam 212 cells treated with the combination of sodium orthovanadate and trans-DDP. Indeed, when we tested for cell viability the cells treated as indicated in Figure 5a , we observed an increase in cell death (Figure 5b ) when orthovanadate and trans-DDP are combined, indicating a role for the JNK1 activity in the cell death induced by this drug. This death is due to apoptosis because cells show the typical condensation of chromatin observed for cis-DDP (data not shown). A more dramatic sinergistic eect on apoptosis induction was observed when we pretreated Pam 212 cells with orthovanadate and dierent doses of cis-DDP ( Figure 6 ). We were able to obtain a similar cytotoxic eect with a tenfold lower dose of cis-DDP when combined with orthovanadate pretreatment. These results would strongly suggest that the modulation of tyrosine phosphatase activities may be responsible for the prolonged activation of JNK1 activity in response to cis-DDP. A transient activation of MKP-1 phosphatase gene transcription has been described in response to stress such as U.V. and treatment with alkylating agents such as methyl methanesulphonate (Keyse and Enslei, 1992; Liu et al., 1995) . Consequently, we studied if cis or trans-DDP were able to modulate MKP-1 expression. Western blot analysis for MKP-1 of extracts of cells treated with both platinum compounds showed a dierent response for both compounds (Figure 7) . While trans-DDP strongly induces expression of MKP-1 up to 6 h after treatment cis-DDP induces a small increase in MKP-1 levels. These results suggest that the transient activation of JNK in response to trans-DDP could be the result of the dephosphorylation of JNK by MKP-1 indicating that phosphatases like MKP-1 can be used as targets for improving cis-DDP based chemotherapy. Discussion cis-DDP and its analogs are most eective in the treatment of metastatic testicular tumours but are also indicated in various combinations of chemotherapeutical regimes for ovarian, head and neck, bladder, cervical and other neoplasms. In addition to its toxic side eects, a major limitation of cisplatin chemotherapy is drug resistance. The dose scale necessary to overcome even a small increase in cellular resistance can cause severe cytotoxicity. Understanding the molecular basis of cis-DDP mediated apoptosis could signi®cantly improve clinical protocols. In these studies we have shown that JNK1 activity is strongly activated during the early phase of apoptosis in response to cis-DDP. Using as a control a non cytotoxic drug such as trans-DDP we have observed an important dierence in the pro®le of activation of JNK in response to both drugs. Rapid and transient kinetic of activation is universal in JNK response to various stimuli . This is the kinetic observed for low doses of U.V.C light (Minde et al., 1994; Liu et al., 1995) and trans-DDP. However JNK1 induction by cis-DDP was delayed and persistent. Since DNA damage produced by trans-DDP is repaired while the damage induced by cis-DDP is not, the dierence in the timing of JNK activation could be related to the apoptosis induction due to the unrepaired DNA, damaged by cis-DDP. This is not a cell type speci®c phenomenon but rather a drug speci®c response because as for Pam 212, U937 (not shown) cells showed similar kinetics of activation with both platinum isomers. It is important to realize that other DNA damaging agents such as gamma radiation are able to induce a persistent phosphorylation of JNK1 that also seems to correlate with apoptosis induction Figure 7 Dierential expression of MKP-1 in response to trans and cis-DDP. Pam 212 cells were exposed to cDDP or tDDP at 20 mg/ml. At the indicated times culture cells were collected and MKP-1 expression examined by immunoblotting using a polyclonal antiserum against MKP-1 (Chen et al., 1996a) . Indeed, blocking of JNK1 activation by gamma radiation exerts a protective role against apoptosis (Chen et al., 1996b) . In PC12 cells when deprived of NGF, induction of apoptosis can be partially blocked by overexpression of dominant negative mutants of the JNK1 activating cascade (Xia et al., 1995) . Similar results are obtained in apoptosis induction in NGF-deprived sympathetic neurons (Ham et al., 1995) .
Other stress responses such as the one generated by U.V. light involve activation of the AP-1 and NF-kB transcription factors and it has been shown to play a protective role (Devary et al., 1992) . On the contrary JNK1 activation by DNA damaging agents seems to be necessary for apoptosis. A signi®cant dierence among the U.V. response and the one observed after cis-DDP treatment is that the latter only weakly activate the MAPK cascade. Activation of the MAPK pathway has been involved in the survival after NGF treatment of PC12 cells (Xia et al., 1995) , on the contrary NGF depletion-dependent apoptosis involves activation of p38 and JNK1 activities suggesting that the imbalance among both kinase cascades would lead to dierent cell responses. The mechanism of JNK1 activation in response to U.V. and cis-DDP have important dierences: U.V. light is able to induce translocation of JNK1 from the cytoplasmic to the nuclear compartment (Cavigelli et al., 1995) while cis-DDP does not. Activation of JNK by trans and cis-DDP occurs in both compartments suggesting that other substrates than transcription factors may be involved in cis-DDP induced apoptosis. In agreement with this idea, it has been shown that phosphorylation of Bcl-2 related proteins induces a change in their apoptotic function. Bcl-2 phosphorylation on serine residues (Haldar et al., 1995) inactivates its antiapoptotic function. Although Bcl-2 has been reported to coimmunoprecipitate with raf-1 (Wang et al., 1994) , it does not appear to phosphorylate Bcl-2 directly. Thus the kinase responsible to phosphorylate Bcl-2 remains to be elucidated. One noteworthy possibility is that kinases that have been involved in cell death induction, such as p38 and JNK1, may participate in Bcl-2 phosphorylation, thus inactivating its ability to serve as a survival factor.
The dierence observed in the pattern of JNK induction between cis-DDP and trans-DDP suggests that the timing of JNK1 activation should be one of the determining factors in the cell decision and seems to be related to the amount of the induced DNA damage (Figure 8 ). The prolonged JNK1 induction and increasing death in cells treated with trans-DDP and sodium orthovanadate suggest that phosphatase activities are important for controlling JNK1 induction in response to platinum compounds. Indeed DNA damaging agents induce transiently the dual speci®city phosphatase CL100/MKP1 (Keyse and Emslie., 1992; Liu et al., 1995) that is also induced by other signals such as mitogens and acts as a MAPK and JNK1 phosphatase. Accordingly, trans-DDP strongly induces MKP-1 expression suggesting that this enzyme can be involved in JNK-1 inactivation after the initial response to trans-DDP. On the contrary, cis-DDP that produces a prolonged activation of JNK-1 induced weakly MKP-1 expression. Since DNA lesions induced by cis-DDP aect not only DNA replication but also gene transcription, one of the consequences of cis-DDP treatment could be downregulation of genes such as phosphatases that are synthesized in response to stress. This could explain why MKP-1 expression induced by cis-DDP is lower than for trans-DDP. Other mechanisms such as dierences at the MKP-1 promoter activation pathway could also be involved.
Increasing evidence in the literature suggests that not only the nature of the kinase cascade activated in response to dierent stimuli is important, but also the duration of this response has a dierent eect on cell fate. Transient induction of ERK activity promotes cell proliferation in PC12 cells while dierentiation results in response to prolonged ERK activation (Marshall, 1995) . For DNA damaging agents such as cis-DDP or gamma radiation (Chen et al., 1996a,b) a prolonged activation of JNK1 probably resulting from unrepaired DNA damage and in the absence of other signals, such as the ERK cascade, promotes cell death. The understanding of the relationship between JNK1 activation and the apoptotic regulators will provide new insights into the mechanisms of cell death. On the other hand the discovery of the mechanisms of modulation of the JNK1 activation period in response to DNA damaging agents, such as regulation of MKP-1 expression, could have important implications in cancer chemotherapy. The fact that we could modulate the cytotoxic eect of platinum compounds only by altering the period of JNK1 activation strongly supports this idea.
Materials and methods
Cell lines antibodies and fusion proteins
Epidermal keratinocyte cell line Pam 212 was maintained in Dulbecco's modi®ed Eagle's medium containing 4.5 gr/lt glucose and supplemented with 10% foetal calf serum and 
Cell treatment
Cells were cultured at a density of 10 6 cell by 100 mm plate and subjected to dierent treatments. For U.V. irradiation cells were shifted into medium containing 0.5% FBS during 24 h, then the medium was removed and cells were irradiated with 40 J/m 2 by using a U.V. germicidal lamp. Dose of irradiation was controlled by using an U.V.C meter. EGF was added to the cells at the concentration of 20 ng/ml during 10 min. Cis and trans-DDP (Sigma) were prepared in distilled water and added to the cells when 80% con¯uent.
Extract preparation and solid phase kinase assays
Nuclear and cytosolic extracts were obtained essentially as described (Chen et al., 1996a) . Cells were collected in Buer A (10 mM HEPES pH 7.5, 10 mM KCl, 1.5 mM MgCl 2 , 1 mM DTT and proteinase and phosphatase inhibitors). After being incubated for 15 min at 48C were centrifuged at 14 000 r.p.m. The pellet was washed in buer A and resuspended in Buer C (20 mM HEPES pH 7.5, 420 mM NaCl, 1.5 mM MgCl 2 , 0.2 mM EDTA, 25% glycerol, 1 mM DTT and inhibitors as in buer A). After extracting the nuclear proteins the fraction was centrifuged again at 14 000 during 20 min. Whole cell extracts preparations for JNK assays were essentially done as described (Coso et al., 1995) . Brie¯y, cells were washed with ice-cold PBS and collected by addition of Lysis buer (25 mM HEPES pH 7.5, 0.3 M NaCl, 1.5 mM MgCl 2 , 0.2 mM EDTA, 0.5 mM DTT, 20 mM b.glicerophosphate, 0.1 mM Na 3 VO 4 , 0.1% triton X-100) in the presence of protease inhibitors. 20 ± 40 mgs of extract was incubated with GST-c-jun-79 fusion protein bound to agarose beads. The beads were subsequently washed with PBS and kinase reaction buer (12.5 mM MOPS pH 7.5, 12.5 mM b.glicerophosphate, 7.5 mM MgCl 2 , 0.5 mM EGTA, 0.5 mM NaF and 0.5 mM vanadate). Reactions were done in the presence of 1 mCi of [g-32 P]ATP in 30 ml of kinase buer. The kinase reaction was performed at 308C for 30 min and terminated with a volume of SDS sample buer. The reaction mixtures were resolved by SDSpolyacrilamide gel electrophoresis analysis. Gels were stained and the amount of peptide in each lane determined in order to correct dierences in the substrate. The amount of radioactivity incorporated in each lane was determined with a instantimager and corrected against the amount of peptide in each lane. For MAPK assays cells were lysed in buer L (20 mM HEPES pH 7.5, 10 mM EGTA, 40 mM bglicerophosphate, 1% NP40, 25 mM MgCl 2 , 2 mM sodium orthovanadate and 1 mM DTT) with protease inhibitors and subjected to polyacrilamide gel electrophoresis.
Cell viability, propidium iodide assay and Western blot analysis Cell viability was studied using a crystal violet based staining method. Brie¯y cells were seeded in 24 multiwell dishes and 24 h later subjected to dierent treatments. After the indicated times cells were washed with PBS, ®xed during 15 min with 1% glutaraldehyde and stained with 0.1% crystal violet solution. Relative cell number was estimated by reading absorbance at 595 nm. For propidium iodide staining cells were treated as indicated and propidium iodide was added at a concentration of 10 mM during 10 min and the cells were directly visualized under a Zeiss microscope at 630-fold magni®cation. Apoptotic cells were estimated by counting the stained nuclei that contained condensed chromatin. For analysis of JNK1 expression, 30 mg of total cellular protein were subjected to Western blot analysis after SDS-polyacrilamide gel electrophoresis, transferred to nitrocellulose, and immunoblotted with either anti-JNK (1 : 1000 dilution), anti-ERK (1 : 500) or anti-MKP-1 (1 : 1000). Immunocomplexes were visualized by enhanced chemiluminescence detection (Amersham) using a biotinilated anti-rabbit antibody and streptavidine peroxidase.
